Introduction
Introduction
Polycystic ovary syndrome (PCOS) is one of the most common endocrine-metabolic disorders. Evidence of familial aggregation analysis and different clinical traits among different regions and ethnicities indicated that the pathogenesis of PCOS is associated with multiple genetic and environmental factors. Our previous research had identified three susceptibility loci (rs2479106, DENND1A; rs13405728, LHCGR; rs13429458, THADA) for PCOS in Han Chinese women. The overall aim of this study was to investigate the relationship between three susceptibility gene polymorphisms and PCOS in Hui ethnic women.
Methods
151 patients with PCOS (case group) and 99 healthy women (control group) were recruited from the Reproductive Medicine Center of the General Hospital of Ningxia Medical University. Clinical data and serum hormone characteristics of case and control groups were collected and analyzed. The three susceptibility single-nucleotide polymorphisms have been replicated in both case and control groups. Gene polymorphisms were detected by direct sequencing after polymerase chain reaction.
Results
The Body Mass Index, LH, LH/FSH ratio and total testosterone were significantly elevated in PCOS patients compared to control group (P<0.05). The frequencies of genotype and allele in rs13405728 were significantly different between the PCOS and the control groups (P<0.05). Of the SNP rs13405728, the PCOS cases with TT genotype stayed at a higher level of total testosterone, TG and LDL than those with the CC and CT genotypes. In contrary, there was no statistical difference between the two groups for SNP rs13429458 and rs2479106 (P>0.05).
Introduction
Polycystic ovary syndrome (PCOS) is one of the most common endocrine-metabolic disorders, affecting 6-8% reproductive-aged Asian women [1] . It is characterized by oligomenorrhea or amenorrhea, hyperandrogenism, and polycystic ovaries [2] . Some common features like menstrual irregularity, subfertility, obesity, hirsutism, acne, and abnormal biochemistry are accompanied with raised serum testosterone, androstenedione, insulin, and luteinizing hormone level [3] . In recent times, it has also been considered as an important cardiovascular risk factor [4] [5] . Women with PCOS are more likely to have poor vascular compliance, vascular endothelial dysfunction, hypertension and dyslipidemia in comparison with women without PCOS [6] [7] [8] [9] . The disorder has detrimental impact on women's health; however, its etiologies have been poorly understood.
Evidence of familial aggregation analysis and different clinical traits among different regions and ethnicities indicated that the pathogenesis of PCOS is associated with multiple genetic and environmental factors [10] . Recently, many studies suggested that genetic factors were strongly associated with the etiology of PCOS [11] [12] . However, only a few genes were found have association with PCOS or some clinical traits related to PCOS. Our previous research, using the genome-wide association study (GWAS) on PCOS in Han Chinese women, had identified three susceptibility loci for PCOS, at 2p16.3, 2p21, and 9q33.3 [13] , which were also partially confirmed in studies of European cohorts [14] [15] [16] [17] [18] . In this further study, we were focusing on the genetic difference in Hui ethnic women with PCOS.
Ningxia is a Hui Autonomous Region in China, and about one third of the people are from the Muslim ethnic enclaves. Their beliefs, diet and lifestyle characteristics make them relatively isolated communities. Moreover, their physical characteristics, lifestyle habits and prohibition of inter-ethnic marriages made them genetically different from other populations. The prevalence of this syndrome in Hui ethnic women is unknown, and its clinical and biochemical characteristics have not yet been reported. The current study assessed the clinical, biochemical and hormonal parameters in Hui ethnic women with PCOS. Previous studies on the Ningxia Hui population indicated that the distribution of (GGN)n repeats polymorphisms of androgen receptor (AR) gene was significantly different between Ningxia Hui and other ethnic population [19] . It is important to conduct a replication study to confirm the relationship between susceptibility of three single-nucleotide polymorphisms (SNPs) rs2479106 (DENND1A), rs13405728 (LHCGR), rs13429458 (THADA) and PCOS in Ningxia Hui ethnic women. [20] . (oligo-and/or anovulation; clinical and/or biochemical signs of hyperandrogenism; and polycystic ovaries with exclusion of other causes of hyperandrogenism, such as hyperprolaetinemia, androgen-secreting tumours, Cushing's syndrome, and nonclassical congenital adrenal hyperplasia). The diagnosis of PCOS was satisfied when two or more of the three criteria were met. Ninety-nine age-matched healthy women volunteers with regular menstrual cycles (26-34 days) and normal ovarian morphology were included as controls, and total testosterone and mFG score were evaluated for exclusion of hyperandrogenism. None of the participants had hormonal therapy for at least 3 months before the study. All subjects were unrelated Hui ethnic women, who were residents of Ningxia Hui Autonomous Region for at least 3 generations. The study was approved by the Ethics Committee of both Shandong provincial hospital of Shandong University and General Hospital of Ningxia Medical University. All subjects had been given written informed consent, and all the participants provided their written informed consent to participate in this study.
Subjects and Methods Subjects

Clinical and biochemical measurements
Weight and height were measured by standard protocol and calibrated instruments. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ).
Peripheral blood samples of all subjects were collected during early follicular phase (between 3-5 of the menstrual cycle) after an overnight fast. Each subject underwent a 75-g oral glucose tolerance test (OGTT). Plasma glucose levels at 0 min and 2h after OGTT were measured using oxidase method, while insulin levels were measured by enzymatic and chemiluminescent method. The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated according to the following equation: fasting plasma glucose (FPG, mmol/l) × fasting insulin (FINS, mIU/l)/22.5 [21] . Follicle stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), total testosterone (T) and estradiol (E 2 ) were measured using chemiluminescent analyzer (Beckman Coulter Inc, Fullerton, CA, USA). Total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL) and high-density lipoprotein (HDL) were measured on an automated biochemistry analyzer (Olympus 600, Clinical Chemistry Analyser; Olympus Diagnostica Gmbh, Ireland). Blood samples, which were collected with EDTA as an anticoagulant and stored at -80°C, were prepared for genomic DNA extraction.
Genotyping
Total genomic DNA from peripheral blood leukocytes was extracted using the blood DNA isolation kit of TianGen Company. Sequence amplification was performed by polymerase chain reaction (PCR). The primers for PCR were listed in Table 1 . All cycling conditions were as follows: an initial denaturation at 95°C for 5 min, followed by 35 cycles at 95°C for 30 sec, 58°C for 30 sec and 72°C for 45 sec, with a final extension step of 7 min at 72°C in the last cycle. The fluorescence-melting curve was applied immediately to analyze following amplification, and the direct sequencing technology was used for the genotyping. 
Statistical Analysis
The independent segregation of alleles was tested for the Hardy-Weinberg equilibrium (H-WE). Haploview 4.2 analyzed linkage disequilibrium between the three SNPs. The results of the serum hormone characteristics were expressed as the mean ± SD. Categorical data were expressed as frequencies or percentages. The differences between PCOS patients and controls in clinical and biochemical variables were evaluated by an independent sample t-test. Statistical analysis of allele and genotype frequencies between women with PCOS and controls was processed using the Chi-square test. Data have been presented as odds ratio (OR) and 95% confidence interval. Statistic significant level was defined as P<0.05. All data were analyzed by SPSS 18.0 statistical software (SPSS, Chicago, USA).
Results
The clinical and biochemical characteristics of women with PCOS and controls were shown in Table 2 . The T level, LH level, the ratio of LH/FSH and BMI value in the PCOS group were significant higher than that in the control group (all P <0.01).
The distribution of the genotypes and allelic frequencies of the three SNPs (rs13405728, rs13429458 and rs2479106) were all listed in Tables 3 and 4 . No significant deviation of genotype and allele frequencies as the H-WE was detected between the PCOS and the control groups (P>0.05).
The minor allele frequencies (MAF) of rs13405728 were different in the two groups, even after BMI adjustment (P = 0.008, OR = 0.578, Padjusted = 0.012). There was no statistical difference for rs13429458 and rs2479106.
In SNP rs13405728, the frequencies of genotypes CC、CT and TT in control group were 12.1%(12 of 99), 38.4%(38 of 99) and 49.5%(49 of 99), respectively; whereas they were 7.3%(11 of 151), 27.2% (41 of 151) and 65.5%(99 of 151) in the patients with PCOS. The C allele frequency of PCOS was 20.9%, which was lower than the controls (P<0.01). No significant differences were found in the frequencies of genotypes and alleles of the SNPs rs13429458 and rs2479106 between PCOS and the controls (P >0.05).
Of the SNP rs13405728, the PCOS cases with TT genotype displayed higher level of testosterone, TG and LDL than those with the CC and CT genotypes (all P < 0.05; Table 4 ). In both SNPs (rs13429458 and rs2479106), we have not found any significant differences in all the clinical and metabolic characteristics in different genotypes of PCOS patients (P > 0.05, Tables 5 and 6 ). 
Discussion
It is reported that PCOS women of different ethnicity present with different clinical manifestations [22] [23] [24] . A previous study showed that the GWAS had identified three loci, which confer risk for PCOS in Han ethnic women. The Hui ethnic group is one of large groups in China. The living and prohibition of inter-ethnic marriages suggest the distinct genetic background of Hui ethnic women. Some studies indicated that there were some genetic differences between Ningxia Hui and other ethnic population [25] [26] . However, most studies about PCOS are based on Han ethnic women, more studies from women of other ethnic backgrounds and geographical origins are required. Replication is necessary to determine whether the same variants conferring risk for PCOS in Hui ethnic women. This is the first study to report the frequencies of genotypes and alleles in three different SNPs (rs2479106, 13405728 and 13429458), which were identified by GWAS, between PCOS and healthy Hui ethnic people. And we hypothesized that SNPs were associated with PCOS in particular ethnics and genetic variation may play a role in the pathogenesis of PCOS. Our main finding was that the SNP rs13425728 in the PCOS cases were higher than control group and the levels of T, TG and LDL were statistical different between rs13425728 genotypes.
The frequencies of rs13405728 (LHCGR) genotypes and alleles were significantly different between women with PCOS and controls in Ningxia Hui ethnic women, similar with the previous GWAS study in Han Chinese people [13] . It suggested that rs13405728 might be associated with PCOS in Ningxia Hui people. Bassiouny et al [27] have found that the G935A polymorphism of LHCGR gene is associated with PCOS in an Egyptian population, which is similar to our findings. Our current findings do differ from other results in different ethnic groups. Welt et al have found that 9q33.3(rs10986105, rs10818854) was associated with PCOS in Europe population; yet, 2p16.3 (rs13405728), 2p21 (rs12468394, rs12478601, and rs13429458) and 9q33.3 (rs2479106) were not associated with PCOS [13] . Goodarzi et al confirmed that DENND1A and THADA susceptibility genes were associated with PCOS in the American population, but did not found any association between LHCGR and PCOS [14] . The different results from all over the world may be caused by the different ethnicities with different genetic background, and the same SNP loci with different genotype frequencies. Using different diagnostic criteria, and sample size may contribute to the different findings. Therefore, determinations of PCOS genetic susceptibility genes still need a large sample size, uniform diagnostic criteria, multi-ethnic areas, and more extensive and in-depth research.
The results also showed that the frequencies of genotypes and alleles in rs13429458 and rs2479106 were not statistically significant between the PCOS and control groups. These results were different from other research conducted in other regions and ethnic populations [14, [16] [17] . The different genotype distributions might reflect differences in genetic background, and therefore gene variants might be associated with different relative risks in different populations. Although a previous study demonstrated SNP rs13429458 and rs2479106 were associated with clinical and metabolic characteristics of in Han Chinese women [28] , the current study had showed that rs13429458 and rs2479106 polymorphisms of the THADA and DENND1A genes were not involved in the pathogenesis or the phenotype of PCOS in Hui Chinese women. This indicates that there is different genetic background between THADA, DENND1A and PCOS.
It is also the first study to show the clinical and biochemical characteristics of Hui ethnic women. Interestingly, analysis revealed that the rs13405728 TT genotype in the LHCGR gene was related to the increased levels of T. As we known, hyperandrogenemia is considered one of the most important pathophysiological features in PCOS [29] , and obesity aggravates menstrual irregularity and increase serum total testosterone level [30] . Androgen excess can affect the follicle growth and metabolic process, playing a key role in the occurrence and development of PCOS [31] [32] . LHCGR encodes luteinizing hormone/choriogonadotropin receptor, which is the receptor for two glycoprotein hormones, luteinizing hormone (LH) and human chorionic gonadotropin (hCG). LH stimulates ovarian theca cells to produce testosterone. Chen RM et al [33] found the c.1703C>T mutant LHCGR leading to elevated testosterone synthesis in testicular Leydig cells. Comim et al [34] found the expression of both LHCGR and CYP17A1 protein in PCOS women was increased compared with normal ovaries, which emphasizing the importance of both factors in the etiology of androgen excess in PCOS. Whether the LHCGR gene plays an important role in the occurrence of PCOS by regulating the secretion of testosterone need to be confirmed, which is also the forthcoming work of our team.
Hyperlipidemia is one of the most common metabolic disorders in PCOS women, and about 70% of them showed dyslipidemia as triglycerides, total cholesterol, LDL increased and HDL decreased [35] [36] . In this study, we found the PCOS cases with TT genotypes had a higher level of TG and LDL than those with the CC and CT genotype. Dyslipidemia is not only one of the important features of the metabolic syndrome, but also an independent risk factor for cardiovascular disease [37] . It may suggest that people carrying TT genotype of rs13405728 may to at a higher risk of hyperlipemia and additional complications.
Our previous study showed the three SNPs conferred risk for PCOS in Han ethnic women, however more studies from other ethnic backgrounds are required. It is the first report on the same variants conferring risk for PCOS in Hui ethnic women. Our study may be limited by sample size, but it could still provide useful information due to the race and geographical differences.
In conclusion, The SNP rs13425728 of LHCGR gene was associated with PCOS among Ningxia Hui women. The SNP rs13425728 was related with the regulation of T, TG and LDL, which suggests that genetic variations may have a common role in the pathogenesis of PCOS and contribute to the phenotypic character of PCOS. To further reveal susceptibility genes in the pathogenesis of women with PCOS, more studies with large sample size are required.
